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 Drug residues end up in the environment when sewage sludge or its 
compost is used as a fertilizer and they cause adverse effects there. Both, the 
producers and consumers seem to believe that drug residues decompose 
during sewage sludge treatment or in soil and do not affect the environment 
or humans. The acceptable level of drugs in different compartments of the 
environment is still disputable.  
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Pharmaceuticals in the environment 
 Intensive use of pharmaceuticals in modern medicine and agriculture 
is the main reason for global environment pollution by these contaminants 
(Radović et al., 2016). Widespread occurrence of pharmaceuticals in the 
environment is well established (Daughton & Ruhoy, 2009). It has now been 
almost two decades since the defining papers by Halling-Sørensen (1998) 
and Daughton & Ternes (1999) identified pharmaceuticals in the 
environment as an important phenomenon. Medical substances have been 
measured in the effluent of medical care units, sewage and the effluent of 
sewage treatment plants, in surface water, ground water, and in drinking 
water (Heberer, 2002). Uncontrolled discharging of these organic 
compounds into the environmental media has led to their accumulation into 
soil and sediments (Radović et al., 2016).  
 Some pharmaceuticals are extremely persistent and introduced to the 
environment in very high quantities and perhaps have already gained 
ubiquity worldwide, others could act as if they were persistent, simply 
because their continual infusion into the aquatic environment serves to 
sustain perpetual life-cycle exposures for aquatic organisms (Daughton & 
Ternes, 1999). When drugs are detected in the environment, their 
concentrations are generally in the ng/L-µg/L (ppt-ppb) range (Moldovan et 
al., 2009). Even though individual concentrations of any drug might be low,  
the combined concentrations from drugs sharing a common mechanism of 
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action could be substantial (Daughton & Ternes, 1999). In 2013 Hughes et 
al. have published a global-scale analysis of the presence of 203 
pharmaceuticals across 41 countries and showed that contamination is 
extensive due to widespread consumption and subsequent disposal to rivers. 
According to this overview, painkillers were globally the most frequently 
detected compounds accounting for 31% of records with a median 
concentration of 230 ng/L followed by antibiotics (21%, 8128 ng/ L).  
 There are increasing concerns about the undesired impacts that may 
result from continuous contamination of the environment with 
pharmaceutically-active substances (Barbosa et al., 2016 and Verlicchi & 
Zambello, 2016). One of the possible fates of pharmaceuticals is to 
accumulate in organisms. Bioaccumulation may have different effects from 
increased internal loads in a given organism potentially reaching toxic 
concentrations to biomagnification through up-concentration along a food 
chain (Straub, 2015).  
 Antibiotics present in soil contaminated with pharmaceutical residues 
may be taken up by plants from arable land or pasture, and thus involuntarily 
end up in human or animal food, destroy soil microorganisms or develop 
drug resistance. Genes determining drug resistance can be transferred from 
harmless soil microbes to pathogenic microbes (Davies, 1994). It is assumed 
that using sewage sludge or manure containing drug residues for fertilizing is 
one of the main reasons of increasing drug resistance (Knapp et al., 2010). 
 Since 1940 the production and use of antibacterial drugs has 
multiplied while the antibiotic resistance of bacteria has also increased 
noticeably. It has been shown that the occurrence of tetracycline resistant 
gene among soil bacteria increased 15 times between 1970−2008 in the 
Netherlands, which was caused by using sewage sludge or compost as a 
fertilizer (Knapp et al., 2010). Probably, the long-term influence of 
antibiotics on soil microbes has brought about the same effect also in other 
countries. 
  
Pharmaceuticals in sewage sludge 
 The environmental presence of pharmaceuticals is attributed 
primarily to raw or treated sewage (for human drugs) and to manure and 
lagoons (for veterinary drugs); additional, less obvious sources also exist, 
which sometimes can play important localized roles (Daughton, 2007). The 
major route by which pharmaceuticals enter sewage is commonly accepted to 
be via urine and feces, with each contributing different relative amounts 
depending on the pharmacokinetics and structure of the individual compound 
(Winkler et al., 2008). Urban wastewater seems to be the dominant emission 
pathway for pharmaceuticals globally, although emissions from industrial 
production, hospitals, agriculture, and aquaculture are important locally 
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(Beek et al., 2016). Sewage sludge is an inevitable by-product of wastewater 
treatment. In Estonia about 360,000 − 500,000 tons of it is created annually. 
Sewage sludge, which is difficult to market, piles up at wastewater treatment 
plants. Many pollutants are not efficiently removed during sewage and 
sewage sludge treatment (Martín et al., 2015).  
 In Lillenberg et al. (2010) the reported highest concentrations (μg/kg) 
of the antimicrobials norfloxacin (NOR), ciprofloxacin (CIP), ofloxacin 
(OFL), sulfamethoxazole (SMX) and sulfadimethoxine (SDM) were in 
sewage sludge as follows: NOR – 162; CIP – 426; OFL – 39; SMX – 6; 
SDM – 20. In the study carried out by Motoyama et al. (2011), the highest 
concentrations of the studied pharmaceuticals in sewage sludge were: CIP – 
130; SMX – 8; SDM – 3; carbamazepine CBZ – 46. In Martín et al. (2015) 
the relevant values were: NOR – 258; SMX – 20; OFL – 432; CBZ – 106; 
and in our recent study (unpublished results): CBZ – 66; diclofenac – 92; 
triclosan – 1800 (all in μg/kg).   
 For the prevention of the development of microbial resistance of 
humans and animals the concentration of antimicrobials in agricultural soil 
must be clearly under 0.1μg/kg (Lillenberg, 2011). The limited selection of 
results given above clearly shows that raw sewage sludge in not suitable for 
improving the quality of agricultural soils.   
 
Fate of pharmaceuticals during sewage sludge composting  
 Sewage sludge may be regarded as hazardous waste but it can also be 
used as a fertilizer. Its safety with respect to pharmaceutical residues must be 
assessed before use (Kipper et al., 2011). Antibiotics are present in Estonian 
sewage sludge (as elsewhere) and their content may exceed the relevant 
trigger values for manure (Lillenberg et al., 2011). According to Nayak & 
Kalamdhad (2015) composting is one of the sustainable practices to convert 
sewage sludge into useful agricultural product because it is rich in organic 
matter, micro- and macronutrients, which are essential for plants growth and 
soil fauna to live. Alternatively, it has been stated that sewage compost 
cannot be used for agricultural purposes: it may contain an excess amount of 
chemical contaminants that can be assimilated by food crops (Lillenberg et 
al., 2010). However, sewage compost is rich in minerals, enabling long-
lasting supply for the fast growth of plants (Järvis et al., 2016).  
 Since  the  1960s,  Estonia  has  been  the  major  oil  shale  producer  
and  consumer  in  the world (Kalda et al., 2015).  Estonia has the world's 
largest exploited oil-shale basin covering about 4% of its territory. In 
2001−2013 the number of active landfills in Estonia decreased from 159 to 
13. Recultivation of the landscapes covered by semi-coke, oil-shale ash-
mountains, abandoned opencast mines and closed landfills appears to be one 
of the major environmental tasks in Estonia (Haiba et al., 2016). Since mid–
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1990s the national average soil P balance has been negative in Estonia due to 
a sharp decrease in fertilizer use and availability of manure. The national 
average soil P balance varied in 2004–2009 from -10 to -5 kg P/ha. Currently 
crop production in Estonia largely takes place at the expense of soil P 
resources (Astover & Rossner, 2013). One of the most efficient ways to 
eliminate these problems is an intelligent preparation of solid waste 
composts (Haiba et al., 2016).  
 Sawdust has been proven to be a good bulking agent for sludge 
composting (Banegas et al., 2007).  In the study carried out by Qiu et al. 
(2012) the degradation of 4 sulfonamides using manure + sawdust or manure 
+ rice straw was more effective than in the case of using manure alone 
(presumably due to the higher microorganism activities in the former).  It has 
been shown by Kim et al., 2012, that sawdust could be a potential organic 
source able to initiate efficient composting, as exhibited by elevated 
composting temperatures, and consequently resulted in the reduction of 
residual concentrations of tetracyclines, sulfonamides and macrolides to 
reasonable levels in a relatively short composting period. Thus 
manure−based composts manufactured through the proper composting 
process can be acceptable for application to agricultural areas. However, 
application of livestock manure as raw manure and/or as liquid fertilizer after 
only a short storage period to stabilize the manure should be avoided as this 
may result in the potential release of veterinary antibiotics to the 
environment (Kim et al., 2012).  
 The degradation rate of pharmaceuticals in sewage sludge compost 
depends on the applied composting technology. The degradation of 
salinomycin was observed by Ramaswamyunder et al. (2015) under open 
and composting conditions. Composting with hay significantly reduced the 
concentration of salinomycin in the manure, making application of the post-
compost manure safer for field application. 
 It has been shown, that the degradation of fluroquinolones 
(ciprofloxacin CIP, norfloxacin NOR and ofloxacin OFL) and sulfonamides 
(sulfadimethoxine SMX and sulfamethoxazole SDM) takes place during 
sewage sludge co-composting with sawdust, peat and straw (Haiba et al., 
2013). Additions of sawdust clearly speeded up the decomposition of the 
studied pharmaceuticals, whereas the mixtures with peat and straw showed 
lower abilities to decompose pharmaceutical residues.  
 In compost mixtures with sawdust the concentrations of the studied 
pharmaceuticals decreased as much as 95% to 100% during 4-months 
composting period. The mixtures with straw and peat where less efficient in 
decomposing these pollutants: in the mixture with peat the degradation level 
for SMX was 83% and for SDM 76%; in the mixture with straw the 
degradation level for NOR was 79% and for OFL 74%. At the same time, the 
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concentrations of the other studied pharmaceuticals decreased more than 
90% during the 4-month period.  
 The temperature profiles of the sewage sludge–sawdust mixture 
samples during composting are demonstrated in figure 1. Initially the 
temperature of the composting samples ranged from 20 to 38 0C (mesophilic 
stage), then rose to 42 0C in 8 days (start of thermophilic stage).  
 
Figure 1. Temperature profiles during sewage sludge composting: sewage sludge mixed 
with sawdust  - - - - E1 1:2 (v:v)  and                 E2  1:3 (v:v) 
 
 In small volumes of sawdust-sludge samples, where the sample 
temperature remained unchanged, the degradation of pharmaceuticals was 
very slow. During 1-month period only 37% of the initial amount of SMX 
degraded (the lowest value); the highest level of degradation was apparent in 
the case of OFL - 82%. This clearly shows that composting may sufficiently 
speed up the degradation of pharmaceuticals originating from sewage sludge. 
 Although the results obtained in the case of composting sewage 
sludge with sawdust seem to be very promising, the experiments show very 
slow rate of carbamazepine degradation, not exceeding 20% during the 1-
month period. According to this fact, the problems associated with the usage 
of sewage sludge compost as an agricultural fertilizer are far from reaching a 
final solution.    
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